Antibodies reactive with type 1 and type 2 fimbriae from Actinomyces viscosus T14V specifically inhibit the adherence ofA. viscosus T14V to salivary pellicle-coated tooth surfaces and other bacteria, and these antibodies are thought to modulate colonization by this microorganism. These studies were done to determine whether previously noted differences in the antibody responses of inbred mice to type 1 and type 2 fimbriae might be under genetic control. The serum immunoglobulin G (IgG) and IgM antibody responses of inbred, F1 hybrid, and H-2 congenic mice, immunized with A. viscosus T14V cells, were analyzed by enzyme-linked immunosorbent assays for antibodies reactive with A. viscosus T14V whole-cell type 1 and type 2 fimbriae. The results confirmed earlier findings and indicated striking variations in the amounts of IgG anti-type 1 (23-fold) and anti-type 2 (48-fold) fimbria antibodies elicited. The responses of the 17 inbred strains tested showed a relatively continuous distribution from high to low, as well as marked differences in the responses of H-2 and Igh-C identical strain pairs. An analysis of the responses of F1 hybrid and H-2 congenic mice indicated dominance of the low-responder gene(s) and control by H-2-linked genes. Antisera from two high-responder strains inhibited in vitro bacterial adherence to a much greater degree than antisera from a low-responding strain. These data suggest polygenic control of the magnitude of the IgG anti-type 1 and anti-type 2 fimbria antibody responses by H-2-linked genes as well as background genes not associated with H-2 or Igh-C loci.
Antibody responses to oral microorganisms play a major role in modulating bacterial colonization of the oral cavity (7, 8) . The ability of oral bacteria to colonize depends upon complex interactions, including adsorption to salivary pellicle-coated tooth surfaces and host epithelial cells, as well as interbacterial aggregation (21) . In many bacterial species, these interactions are mediated by antigenically distinct fimbriae (4, 21) and are inhibited by fimbria-specific antibody (14, 30, 32) . Because adsorption is a prerequisite for bacterial colonization, variations in naturally induced antifimbria antibodies may, in part, account for differences among individuals in susceptibility to colonization by oral microorganisms such as those associated with periodontal infections. Periodontal pathogens colonize the host in supragingival and subgingival environments, where specific immunoglobulin A (IgA) and IgG antibodies are available to inhibit adherence. The immune response is genetically regulated (5, 28) , and genetic diversity is a likely source of variation in host antibody responses to bacterial antigens.
Genetically defined inbred mice have proven invaluable in studies of genetic regulation of the immune response. Various patterns of genetic control of the antibody response have been described, including control by H-2 major histocompatibility complex (MHC)-linked immune response (Ir) genes (5, 28) , immunoglobulin allotype locus (Igh-C)-linked genes (1, 23, 33) , and non-H-2-, non-Igh-C-linked background genes (3, 15, 23, 27, 31) . Most of the complex protein antigens studied so far have no inherent biological function (43) , and consequently little is known about the genetic regulation of responses to the complex bacterial antigens * Corresponding author.
which enable infectious microorganisms to colonize their host. On this basis, we recently developed a model for analysis of variations and genetic control of the mouse antibody responses to fimbrial proteins from A. viscosus T14V (22) .
A. viscosus T14V was selected as a model organism because it is an early plaque colonizer associated with gingivitis in humans (29, 36) , and its adherence mechanisms have been well characterized by using in vitro adsorption inhibition assays. These studies have shown that its adherence to salivary pellicle is mediated by type 1 fimbriae and inhibited by anti-type 1 fimbria antibodies (39, 40) , whereas its aggregation with streptococci is mediated by type 2 fimbriae and inhibited by anti-type 2 fimbria antibodies (11) (12) (13) 32) . In addition, A. viscosus T14V is well suited for study for two practical reasons. First, the availability of purified type 1 and type 2 fimbriae from A. viscosus T14V allowed the development of enzyme-linked immunosorbent assays (ELISAs) for measurement of specific anti-type 1 and anti-type 2 fimbria antibodies (22) . Second, the availability of functional tests for A. viscosus T14V adsorption inhibition activity (14, 32) (22) and are independent of the IgM-specific responses (Tables 1 and 2) . On this basis, we refer to antibodies measured with the IgG heavy-and light-chain reagent as IgG.
Assay to measure in vitro adsorption inhibition activity in mouse sera. The assay for measuring the capacity of antisera to inhibit the adherence of A. viscosus T14V to a tooth surface in vitro (adsorption inhibition activity) has been described previously (14, 39 a A one-way analysis of variance indicated statistically significant differences among inbred strains in levels of antibodies reactive with type 1 and type 2 fimbriae (F = 5.3 and 6.6, respectively; 13 df; P < 0.001). Background levels of IgM antibodies in sera from unimmunized mice were <500 U/ml. at 10,000 x g for 10 min, and used immediately. Control tubes without HA beads were treated similarly.
Dilutions (1:250) of sera from unimmunized and immunized mice were prepared in adsorption buffer. Tritiumlabeled strain T14V cells at concentrations of 8 x 106 were diluted 1:1 (final concentration, 4 x 106 cells per ml) in the serum dilutions (1/500, final serum dilution). The cell-serum suspensions were added to the SHA and control tubes and incubated for 90 min. After the SHA had settled, the counts per minute remaining in the supernatant were measured in a scintillation counter (Packard Tri-Carb; Packard Instrument Co., Downers Grove, Ill.). The number of cells adsorbed to SHA beads was determined by subtracting the number of cells present in the supematant from the total number of cells added to each tube. The accuracy of this method has been confirmed by visual counts of cells bound to HA beads by using scanning electron microscopy (39 further investigated by studying the responses of H-2 congenic mice on a C57BL/lOSnJ (B10) background. As shown in Table 4 , the IgG responses of BlO.D2o (H-2d) and BlO.AKM (H-2m) mice were lower than those of B10 (H-2b) and B1O.BR (H-2") mice (P < 0.025). Similar results were obtained in a second experiment in which the responses of BlO.D2o mice to type 1 and type 2 fimbriae were lower than those of B10 mice. Thus, introduction of the H-2d and H-2m alleles onto the LR B10 background resulted in further reduction of the antifimbria responses, a finding consistent with the observation that no H-2d strains (BALB/cJ, DBA/ 2J, and NZB/BINJ) were HRs. These data suggest that the IgG anti-type 1 and anti-type 2 fimbria responses are controlled by at least two genes or groups of genes, an MHClinked gene and a non-MHC-linked background gene.
Influence of non-MHC background genes on IgG responses. Comparisons of the Igh-C haplotypes and the IgG response distributions among the inbred strains studied (Table 1) showed no obvious association between antibody levels and the Igh-C haplotype. Sera from H-2 and Igh-C identical mouse strain pairs contained significantly different levels of IgG antibodies to type 1 and type 2 fimbriae. For example, although strains C3H/HeJ and CBA/J are both H-2k and Ig-PJ, C3H/HeJ mice were HRs and CBA/J mice were LRs. Preliminary analysis of several SWXL recombinant inbred strains (data not shown) suggested an association between anti-type 1 and anti-type 2 fimbria responses and Ly-17, a gene located on chromosome 1 which codes for a polymorphism of the mouse IgG Fc receptor (24, 26) . As shown in Table 1 , all HR strains possessed the Ly-17.1 haplotype, whereas 2 or 3 of 4 and 5 or 6 of 6 LR strains possessed the Ly-17.2 haplotype. These results suggest that the non-MHC background gene(s) which regulates the IgG anti-type 1 and anti-type 2 fimbria responses may be linked with Ly-17 but not Igh-C.
Association between antifimbria responder status and adsorption inhibition activity. Sera from immunized mice were *tested for levels of adsorption inhibition activity and IgG anti-type 1 and anti-type 2 antibodies. As shown in Table 5 , sera from the HR strains, A/J and SWR/J, inhibited the adherence of A. viscosus T14V cell SHA beads significantly more (10.6-to 13.5-fold) than sera from the LR strain, BALB/cJ. DISCUSSION The experiments described in this paper show marked, genetically controlled variations (23.5-to 48-fold) among inbred mouse strains in the magnitude of their secondary serum antibody responses (predominantly IgG) to type 1 and type 2 fimbriae from A. viscosus T14V, confirming our previous results (22) . Our data further suggest that these variations are functionally important, since antisera from two HR strains inhibited the in vitro adherence of A. viscosus T14V cells to SHA tooth surfaces to a much greater degree than antisera from a LR strain. This finding is consistent with the known functional properties of type 1 fimbria-specific antibodies (39, 40) . Although it is well established that many bacterial species employ specialized cell surface molecules to adhere to their host (4, 21) and that antibodies reactive with these molecules can inhibit adherence (14, 30, 32) , these studies are the first to describe genetic control of the immune response to antigens important in bacterial adherence.
Our data on the immune responses of inbred mice to type 1 and type 2 fimbriae suggest that the magnitude of the responses is regulated by both the H-2 gene(s) and non-H-2, non-Igh-C background genes. In mice, H-2 molecules have been shown to control immune responses to many haptens, synthetic polypeptides, small proteins, and some complex proteins (5, 28) , most of which have no inherent biological function (43) . Although their functional importance distinguishes type 1 and type 2 fimbriae from other antigens, the findings of MHC control and dominant low responsiveness suggest that genetic control of the immune response to type 1 and type 2 fimbriae may be different from the regulation of responses to other protein antigens. Type 1 and type 2 fimbriae are proteins with relative masses of approximately 65,000 and 59,000 Da (17, 41) , respectively. MHC Ir gene control of immune responses to complex protein antigens is not commonly seen, presumably because complex antigens elicit heterogeneous responses and the response to each determinant is under the control of a different MHC-linked gene (6) . The structures of type 1 and type 2 fimbriae are unknown, and our finding of MHC Ir gene control suggests the possibility that these antigens may consist of repetitive epitope structures. Since the antigen used in these experiments was the whole bacterial cell, it is possible that regulation of the responses to type 1 and type 2 fimbriae is also influenced by responses to other A. viscosus T14V epitopes.
The possibility that low responsiveness to the fimbrial antigens is due to a general inability of LR strains to produce antibody seems unlikely, since the strain distribution pattern of the antifimbria responses is different from the strain distribution pattern of responses to all other protein antigens examined (28) , including cholera toxin (18) , sheep insulin (25), dinitrophenyl-conjugated bovine gamma globulin (19) , and bovine serum albumin (34) . However, our data do not exclude this interpretation, and for particular mouse strains, low responsiveness to type 1 and type 2 fimbriae may be due to a generalized inability to respond. For example, C57BL/6J mice, which are LRs to type 1 and type 2 fimbriae, are also LRs to sheep erythrocytes, dinitrophenyl-conjugated bovine gamma globulin, and trinitrophenyl-conjugated human serum albumin (9) . Furthermore, low responsiveness to these antigens is dominant in (C57BL/6J x A/J)F1 hybrids (9, 23 (28) . This is thought to occur because MHC alleles are expressed codominantly, and therefore HR MHC proteins are available to complex with antigen on (LR x HR)F1 antigen-presenting cells (2) . Low responsiveness is thought to result from an antigen presentation defect, due to the inability of LR MHC molecules to complex with antigen. We are aware of relatively few experimental systems in which dominant low responsiveness of (LR x HR)F1 hybrid mice has been reported.
Except for the copolymer L-glutamic acid50-L-tyrosine50 (GT), these involve responses to alloantigens or altered-self proteins. These include the antibody responses to Ea-1 (20) , the complement component C-5 (10), the F liver antigen (35) , GT (16) , Thy-1.2 (42), trinitrophenyl-conjugated mouse serum albumin (37), dinitrophenyl-conjugated bovine gamma globulin (9), trinitrophenyl-conjugated human serum albumin (9) , and sheep erythrocytes (9, 23) , as well as the T-cell proliferative response to GT (16). The antifimbria system described here is the only one in which dominant low responsiveness to a functional protein antigen from a bacterium has been described.
Two mechanisms, immune suppression and clonal deletion, have been proposed to explain dominant low responsiveness in (LR x HR)F1 mice. Immune suppression is controlled by an MHC Ir gene, as in the antibody response to GT (16) . In this system, LR mice respond to immunization with the formation of T suppressor cells and thus appear phenotypically as LRs. In contrast to MHC Ir gene-controlled immune suppression, dominant low responsiveness may also be caused by clonal deletion and self-tolerance, as in the T-cell proliferative response to GT (38) . In this system, a non-MHC background gene codes for a normalself structure, which cross-reacts with or mimics GT in its MHC-associated form. Mice which express and are therefore tolerant of this self structure do not respond to GT. Both MHC-controlled immune suppression and non-MHC-regulated clonal deletion due to molecular mimicry are potential mechanisms for dominant low responsiveness to type 1 and type 2 fimbriae, as these responses are regulated by both MHC and non-MHC background genes. The possibility that dominant low responsiveness is due to molecular mimicry is most interesting, since mimicry of a host antigen by a bacterium would constitute an excellent strategy for avoidance of the host immune response.
In 
